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Ha CeBepo-3ana^e Jlcimurp an ck oil o6ji. b KumeuHHKe Myxu Lucilia sp. (Diptera, Cal- 
liphoridae) o6Hapy)KeHBi ^cryTHKOHOCUti Angomonas deanei (Kinetoplastida: Trypanoso- 
matidae). 3tot bha CHM6noHTConep^camnx TpnnaHocoMaTHA paHee He 6 biji OTMeneH Ha 
TeppHTOpHH PoCCHH. HACHTH(j)HKaAHJI ^KryTHKOHOCIjeB BBinOJIHeHa Ha OCHOBaHHH cpaBHH- 
TejiBHO-Mopc{)OJiorHHecKoro HccjienoBaHHJi h (JmjioreHeTHHecKoro aHanH3a (nocjieAOBare- 
jibhoctb reHa 18 S rRNA). OScy^cnaioTCJi ocodeHHOCTH KyjitTHBHpoBaHHM HOBoro h30jih- 
Ta A. deanei (mraMM MN). 

Kiuoneebie cjioea : CHMdHOHTConep^camHe TpHnaHOCOMaTH^Bi, Angomonas deanei , 
Mop(j)OJionw, yjitTpacTpyKTypa, AHHaMHKa pocra, pacnpocTpaHeHne, 18 S rRNA, (jrairo- 
remm. 


CeM. Trypanosomatidae — oto rpynna mnpoKO pacnpocTpaHemibix napa- 
3HTHHeCKHX OAHOKJieTOHHbIX. B COCTaB ceMeiiCTBa bxoa^t MHorne OnaCHbie 
naToreHbi nenoBeKa, ^khbothbix h pacTemrii, KOTopbie odna^aioT ^HKceHHbiMH 
yKH3HeHHbiMH ijmcjiaMH (poA*>i Trypanosoma , Leishmania , Phytomonas ), a Tax- 
)Ke MHorouHCJieHHbie MOHOKceHHbie napa3HTbi HaceKOMbix (poAM Crithidia , 
Leptomonas , Blast ocritidia, Herpetomonas , Angomonas , Strigomonas , Blecho- 
monas h Ap-) (Wallace, 1966; Hoare 1972; Podlipaev, 1990). B TeueHHe a™- 
TejibHoro BpeMemr ochobhoc BHHMamre HCCJieAOBaTejiefi (jioKycHpoBajiocb Ha 
AHKceHHbix TpmiaHocoMaTHAax H3 poaob Trypanosoma h Leishmania , H3yne- 
HHK) MOHOKCeHHbIX napa3HTOB yAeraJIOCb JIHIHb He3HaHHTeJlbHOe BHHMaHHe. 

OAHaKo b nocjieAHHe toabi HHTepec k MOHOKceHHbiM TpunaHOCOMaTHAaM 
H3 HaceKOMbix 3HauHTejibHO B03poc, hto oSb^CH^eTCH b nepByio ouepeAB bbi- 
HBJieHHeM KJiiOHeBOH pojih 3thx opraHH3MOB b 3BOJHOIJHH ceMeiiCTBa (Maslov 
et al., 2013; Flegontov et al., 2013). Pe3yjibTaTbi HCCJieAOBaHHH nocjieAHero %e- 
cjrmjieTHfl noBJieKJiH 3a co6oh cymecTBeHHoe H3MeHeHHe B3rjiAAOB Ha cocTaB 
h TaKCOHOMHio rpynnbi (Teixeira et al., 2011; Flegontov et al., 2013; Kostygov 
et al., 2014; Votypka et al., 2014; OponoB h AP-, 2015). B nacTHOcra, nepe- 
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CMOTpy noAseprjiHCb Ane KjnoueBbie KOHu,enu,HH, npe)KAe onpeAejiflBiiiHe 
npnHi^nnbi nocTpoeroDi CHCTeMbi TpnnaHOCOMaTHA h npeACTaBJieHHfl od hx 
pa3Hoo6pa3HH: «oahh napa3HT — oahh xo3hhh» h KOHAemjini <obojik)ijhoh- 
hoh KOHcepBaTHBHOCTH Mop(J)OTHnoB» (Maslov et al., 2013; Flegontov et al., 
2013; Lukes et al., 2014; OponoB, 2016). KpOMe toto, MHorouHCJieHHbie He- 
flaBHue MOJieKyrapHO-reHeraHecKHe HCCJieAOBaHmi npHBejiH k BbraBJieHHio Ha 
(|)HJioreHeTHHecKOM Aepene ceM. Trypanosomatidae 3HauHTejibHoro HHCJia ho- 
bbix KJiacTepoB, KOTopbiM b HacToamee BpeM^ b CHCTeMe ceMeiiCTBa npHAaeTca 
CTaTyc poflOB h noAceMeiiCTB (Svobodova et al., 2007; Votypka et al., 2014; 
Yurchenko et al., 2014). 

Oahhm H3 TaKHx hobbix TaKCOHOB flBiweTCJi noAceM. Strigomonadinae 
Votypka, Yurchenko, Kostygov et Lukes, 2014, o6ueAHH^K>mee chm6hohtco- 
Aep^caiqHx TpHnaHOCOMaraA H3 poaob Angomonas , Strigomonas , Kentomonas 
(Teixeira et al., 2011; Votypka et al., 2014). 3Ta (jmjiorpyima no#Aep)KHBaeTCfl 
Bbipa^iceHHbiMH cHHanoMOp(|)HMMH: peAyKitnefi napaKCHajibHoro TJDKa mym- 
kob, oco6oh opraHH3ai^HeH KHHeTonjiacTa h CHJibHo pa3BeTBJieHHbiM mhtoxoh- 
ApHOHOM, OTAeJIbHbie BeTBH KOTOpOrO JIOKaJIH3yK)TCH nOA nJia3MaTHHeCKOH 
MeM6paHoii, Hapyma^ ijejiocTHOCTb pnAa cy6MeM6paHHbix MHKpoTpoTpydoueK 
(Freymuller, Camargo, 1981; Motta et al., 1997; de Sousa, Motta, 1999; Gadel- 
ha et al., 2005; Motta et al., 2010; Teixeira et al., 2011). 

>KryTHKOHOCu,bi noAceM. Strigomonadinae onHcaHbi H3 HaceKOMbix, npn- 
HaAJie)Kam,Hx k AByM otp^iabm: Hemiptera h Diptera, npn otom p^A bhaob 
MO)iceT napa3HTHpoBaTb b xo3neBax H3 odenx rpynn (Teixeira et al., 2011; 
Votypka et al., 2014). Oahh H3 TaKHx bhaob — Angomonas deanei (Carvalho, 
1973) — 6biji BnepBbie onncaH H3 xhiahoto KJiona Zelns leucogrammus (He¬ 
miptera, Reduviidae) b IO^khoh AMepHKe (Epa3HJimi), BnocjieACTBHH oh HeoA- 
HOKpaTHO 6bui oSHapy^ceH, ho y^ce b AByKpbiJibix HaceKOMbix (Tyc et al., 
2013). K HacTOfliijeMy BpeMeHH otot bha MOHOKcemrbix TpnnaHocoMaTHA Haft- 
ACH b A^pmce (TaHa, Kerora), Ha MaAaracxape, b IO^choh AMepHKe (Epa3H- 
jihh, 3KBaAop), EBpone (Eojirapmi, Hexmi, Typipni), U,eHTpajibHOH A3hh 
(MoHronHH) h nanya-HoBOH TBHHee. B otoh padoTe mbi onHCbisaeM nepBbm 
CJiyuaii odHapy^ceHH^ Angomonas deanei (Carvalho, 1973) b dopeajibHOii od- 
jiacra najieapKTHKH h odcy)KAaeM ocodeHHOcra KyjibTHBHpOBaHHJi HOBoro 
mTaMMa A. deanei — MN, H30JiHpoBaHHoro H3 KHmeuHHKa Myxn Lucilia sp. 
(Diptera: Calliphoridae). 


MATEPHAJI H METO/JHKA 

C6op HaceKOMbix npOBOAHJica b aBryCTe—cemndpe 2016 r. b JleHHHrpaA- 
ckoh o6ji. b paiiOHe noc. KoMapoBO (60°1L c. m., 30°48' b. a )- Bcero 6buio 
codpaHO 38 ocodeii Myx, othochih,hxcii k pony Lucilia (Diptera, Calliphoridae). 
HaceKOMbix ycbinjnuiH b napax xjiopo^opMa, nocne uero BCKpbiBajiH b (|)H3Ho- 
jiorHuecKOM pacTBope h H30jmpoBajiH KHmeuHHK. OparMeHTbi KHmeuHHKa 
BMecTe c ero coAep^cHMbiM H3yuajiH Ha npH^cH3HeHHbix npenapaTax; npn od- 
Hapy>KeHHH mymKOHocijeB npenapaT HcnoJib30BajiH am npHTOTOBJieHHH cy- 
xoro Ma3Ka. OparMeHTbi KHmeuHHKa, 3apa^ceHHOro )KryTHKOHOCijaMH, nOMe- 
iu,ajiH b npodnpKH c nHTaTejibHOH cpeAoii Brain Heart Infusion (BHI, Difco). 
B cpeAy AodaBJHiJiH reMHH (25 mkt/mji), (J)OJiHeByio KHCJiOTy (10 mkt/mji), a 
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TaiGKe pacTBopbi aHTHGHOTHKOB: 6eH3HJineHHi;HJiJiHHa H3 pacneTa 500 ca-/mji h 
CT penTOMHijHHa 500 mkf/mji. BnocjieACTBHH KyjibTypa 2KryTHKOHOcn,eB Gbuia 
onmneHa ot conyrcTByiomHx oprami3MOB b M-o6pa3Hbix TpyGxax no mctoah- 
xe, onncaHHOH paHee (noAJiHnaeB, OpojiOB, 1987). /^HHaMincy pocTa KyjibTy- 
pbi A. deanei MN HCCJieAOBajiH Ha AByx cpeAax: 1 — c AoGaBJiemieM reMHHa 
(+r) h 2 — Ha 6e3reMHHOBOH cpeAe (-T). HtoGm hckjhohhtb bjihhhhc conyr- 
CTByK)Hj,ero reMHHa, 10 mkji KyjibTypbi A. deanei MN noMemajiH b npoGnpKy c 
3 mji cpeAbi BHI 6e3 AoGaBJieHHn reMHHa h HmcyGiipOBajiH 24 h npn TeMnepa- 
Type +22 °C. flajiee KyjibTypy pa3BOAHJiH b cpe^e BHI (-T) 30 kohchhoh koh- 
u,eHTpan,HH 5 X 10 4 kji/mji, nocne nero 10 mkji cycneH3HH KJieTOK nepeHOCHJiH 
b npoGnpKH co cpe^OH (3 mji). Bcero Gbijio 3aceimo 6 npoGnpoK co cpe^oii BHI 
(-r) h 6 npoGnpoK co cpeAOii BHI (+r). noAcneT kjictok npOBOAHJiH okcahcb- 
ho b Tenemie 14 cyT b KaMepax TopneBa no CTaHAapTHoii mctoahkc. 

H3yneHHe Mop(|)OJiorHH 5KryTHKOHOcn,eB npoBOAHJiH KaK Ha npn)KH3HeHHbix 
npenapaTax, TaK h Ha cyxnx Ma3Kax. Cyxne Ma3KH, H3roTOBJieHHbie H3 (})par- 
MeHTOB KHHieHHHKa HaceKOMOrO HJIH H3 KanJIH KyJIbTypaJIbHOH )KHAKOCTH, 
(}) HKCHp 0 b a jih b TeneHne 10 mhh 96%-hbim 3TaH0Ji0M. nocjie BbicyniHBaHim 
npenapara OKpaniHBajin no P OMaHOBCKOMy-rHM3a (pH 6.8) b TeneHne 30 mhh 
h npoMbiBajiH boaoh. HccjieAOBaHHn 6buiH BbinojiHeHbi Ha MHKpocKone Leica 
DM 2500. MnKpo(|)OTOrpa4)HH nojiyneHbi c HCnojib30BaHHeM 14 Mnc USB Ka- 
Mepbi UCMOS14000KPA (TOUPCAM). Pa3Mepbi kjictok )KrymKOHOCii,eB H3- 
MepmiH npH noMomH nporpaMMbi UTHSCSA Image Toole v. 2.0. CraTncTHHe- 
CKaH o6pa6oTKa abhhbix (noAcneT cpeAHero n ornnGKH cpeAHero) npoBOAH- 
jiacb b nporpaMMe LibreOffice Calc. 

BH3yajiH3au,HH npOKapHOTHbix ohaochmGhohtob h /],HK-C0ACp)Kain;Hx 
opraHejui TpHnaHOCOMaraA npHMemuiH OKpacKy (junoopecijeHTHbiM KpacHTe- 
jieM DAPI (4',6-AHaMHHO-2-(])eHHJiHHAOJi). 200 mkji KyjibTypbi A. deanei MN 
b KOHn,eHTpaiAiH 1 X 10 5 kji/mji oca^CAajiH H,eHTpH(J)yrHpOBaHHeM (3000 o6./mhh). 
HaAOcaAOHHyio ^chakoctb cjiHBajin, a ocaAOK (])HKCHpOBajiH 4%-hbim pacTBO- 
poM (J)opMajiHHa b TeneHne 3 mhh npn nepeMeninBainni. 3aTeM kjictkh ^cryrn- 
KOHOcn,eB bhobb oca^CA^JiH H,eHTpH(J)yrHpOBaHHeM h npoMbiBajiH ocaAOK 0.1 M 
4>oc(J)aTHbiM 6y(J)epoM a™ yAaJierora ocTaTKOB (])opMajiHHa. nocjie ototo oca¬ 
AOK, coAep^KamHH KJieTKH, OKpamHBajiH pacTBopoM DAPI (1 mt/mji) b 0.1 M 
(}) 0 C(])aTH 0 M 6y(])epe (15 mhh). J\jw yAajieHim H36biTKa KpacHTejin ocaAOK npo- 
MbiBajin 3 pa3a b 0.1 M (J)OC(j}aTHOM 6y<J>epe. Hayneroie npenapaTOB npOBOAn- 
jiocb Ha (junoopecijeHTHOM MHKpocKone Leica DM 2500. 

J\jin HCCJieAOBaHHH B OJieKTpOHHOM MHKpOCKOne KyjibTypy ^CryTHKOHOCAeB 

oca^CAaJiH AeHTpH(J)yrHpOBaHHeM (3000 o6./mhh), HaAOcaAOHHyio ^chakoctb 
CJiHBajin, a ocaAOK (^HKcnpoBajin 1.5%-hbim rjnoTapajibAernAOM Ha 0.1 M Ka- 
KOAHJiaTHOM 6y(J)epe (1 h), nocjie nero kjictkh npoMbiBajiH b 0.1 M pacTBope 
KaKOAHJiaraoro 6y$epa c nocT^HKCHpOBajin 2%-hbim pacTBOpOM Os0 4 b KaKo- 
AHJiaraOM 6y(])epe b Tenemie 30 mhh. 3aTeM MaTepnaji o6e3BO)KHBajiH b cnHp- 
Tax B03pacTaK>meii Kpenocra h aijeTOHe h 3aKJn0HajiH b cmccb apajiAHTa c 3no- 
hom. Cpe3bi nojiynajin Ha yjibTpaMHKpoTOMe Leica UC-6, oKpamnBajin boa- 
hmm pacTBopoM ypamui-aiicTaTa h ijHTpaTOM cbhhiia n npocMaTpHBajiH b 
MHKpocKone Morgagni 268D (FEI Company). 

TeHOMHan JX HK 6buia BbiAejieHa H3 KyjibTypbi A. deanei MN npn noMonjH 
HaGopa a™ BbiAejieHmi JX HK PureLink Genomic DNA Kit (Invitrogen). Opar- 
MeHT reHa 18S aMnjiH(J)Hn,HpOBajiH npn noMonjH cneipnjiHHHbix npaiiMepoB 
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UMx (5 ’-atctggttgatcctgccagtagtca-3 ’) h LMx (5 ’-ctacagctaccttgttacgacttttgc-3 ’) 
(Kostygov et al., 2014). IlpoTOKOJi aMnnH^HKaumi h cocTaB peaKUHOHHOH CMe- 
ch onHcaHBi paHHee (Koctbitob, OpojiOB, 2007). nojiyueHHbie nL(,P-(]3parMeH- 
tbi BbiflejiflJiH h 3 peaKu,HOHHoii CMecH h OHHmajiH c ncnojib30BaHHeM Ha6opa 
Cleanup Standard (EBporeH) h ceKBemipOBajiH Ha aBTOMaTHnecKOM ceKBeHa- 
Tope HiSeq 2500 (Illumina) c Hcnojib30BaHHeM HadopoB Thermo Sequenase 
Cy5 Dye Terminator Kit. nojiyueHHan nocjieAOBaTejibHOCTb reHa 18S pPHK 
mraMMa A. deanei MN AenomipoBaHa b 6a3e NCBI (GenBank) no a HOMepoM 
MF322871. 

OHJioreHHii. IIocjieAOBaTejibHOCTH BbipaBHHBajiH b nporpaMMe Mega 7 npn 
noMom,n BCTpoeHHoro mo Ay™ ClustlW, nocne nero npaBHJiH BpynHyio. TIjioxo 
BbipoBHeHHbie ynacTKH, coAep^camne Sojibme Bcero hhacjiob h HecoBnaAeHHH, 
HCKJHonajin H3 AaubHehmero aHajiH3a. HroroBbiii c[)aHJi BKjnonaji 34 nocneAO- 
BaTejibHOCTH reHa 18S pPHK xpHnaHOCOMaraA c Hcnojib30BaHHeM b KauecTBe 
BHemHeii rpynnbi nocJieAOBaTeJibHOCTH reHa 18S pPHK Paratrypanosoma con- 
fusum. Hctohhhkom npHBJieneHHbix nocjieAOBaTejibHOCTeii ABjmeTCJi 6a3a 
GenBank (NCBI). Kojihhcctbo no3HiniH b HToroBOM (Jm&ie c yneTOM HHAenoB 
cocTaBHJio 2074. OHJioreHeTHnecKHH aHajiH3 nocjieAOBaTejibHOCTeii npOBOAH- 
jih MeTOAOM Eaheca npn noMomn nporpaMMbi MrBayes 3.2.6 c Hcnojib30BaHH- 
eM moacjih GTR h raMMaKoppeKAHH co cneAyiomHMH napaMeTpaMn: 4 n,enH 
MapKOBa, 3 mjih reHepainiH, noAdop A^peBbeB nocne Ka^c abix 100 reHepau,HH, 
yAajieHne nepBbix 8 tbic. AepeBbeB npn nocTpoeroiH KOHceHcyca. 


PE3YJIbTATbI 

CpeAH HCCJieAOBaHHbix HaMH 38 HMaro Myx Lucilia sp. (Diptera, Calliphori- 
dae) TpHnaHOCOMaTHAbi 6buiH odHapy^ceHbi b KHineuHHKe oahoh oco6h 
(—10 %). AKceHHHHa^i KyjibTypa mTaMMa A. deanei MN ACnOHHpOBaHa b koji- 
jieKu,mo KJieTOHHbix KyjibTyp 3HH PAH (Malysheva et al., 2016). 

CBeTOBaa MHKpocKonHH. B KyjibType mymKOHOCijbi A. deanei MN HMeiOT 
HeSoJibrnne pa3Mepbi h npeACTaBJieHbi 3 Mop(J)OTHnaMH: npoMacTHroTaMH, na- 
paMacrarOTaMH h onHCTOMacrarOTaMH (pnc. 1). npOMararOTbi HMeiOT yAJiH- 
HeHHyio 4>opMy. HApo pacnojiaraeTCn b cepeAHHe KjieTKH, KHHeTonjiacT CMe- 
rpeH k nepeAHeMy KOHijy (pnc. 1, A). KjieTKH 3toto THna HMeiOT OTHOCHTejibHO 
KpynHbie pa3Mepti. Hx AJnma cocTaBJineT b cpeAHeM 6.5 mkm, niHpHHa 
1.8 mkm. TKryraK b 6oJibmHHCTBe cJiynaeB xopomo Bbipa^KeH, ero AJnma mo- 
^ceT AOCTHraTb 6 mkm (cm. Ta6jiHiiy). Y napaMacraroT (pnc. 1 , B) ^Apo TaK^ce 
pacnoJiaraeTcn b cepeAHHe kjictkh. OAHaKo noJio)KeHHe KHHeTonjiacTa BapbH- 
pyeT: oh mo>kct HaxoAHTbcn KaK phaom c hapom, TaK h Ha ypoBHe ero 3aAHero 
Kpan. napaMacraroTbi MeHbme npoMacraroT: hx jxjmWi b cpeAHeM cocTaBJineT 
5.6 mkm, niHpHHa — 1.7 mkm. jiHHa cbo6oahoh uacra )KrymKa He npeBbima- 
eT 5 mkm (cm. Ta6 Jinny). Y onncTOMacTHTOT hapo mo^kct 6biTb cMemeHo k 3aA- 
HeMy KOHuy kjictkh, KHHeTonjiacT pacnojiaraeTOi 3a 3aAHHM KpaeM AApa 
(pnc. 3, £). ^KryTHKOBbiii KapMaH rjiySoKHH. Kjictkh ototo THna hmciot caMbie 
MeJiKHe pa3Mepbi, hx aji HHa b cpeAHeM — 4.1 mkm, niHpHHa — 1.5 mkm. >Kry- 
thk jih6o chjibho yKOpoueH, jih6o He bbixoaht 3a npeA^Jibi )KiymKOBOro Kap- 
MaHa (cm. Ta6jiHu,y). CooTHOmemni a^hhbix MOp^oranOB b KyjibTypax Heno- 
CTOUHHO. B OTHOCHTejibHO MOJIOABIX KyjibTypax K roiTOMy AHK> C MOMeHTa Ha- 
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Pnc. 1. Pa3HOo6pa3He Mop(})OTHnoB Angomonas deanei MN b Kyn&Type. CBeTOBaa MHKpocKonna. 

OKpacKa no P0MaH0BCK0My-rHM 3 a. 

A — npoMacTHroTbi, E — onncTOMacTHroTbi, B — napaMacTHroTbi. k — KHHeTonnacT, c — 3h/jochm6hoht, 
% — a^po. MacniTa6Haa JiHHeHKa — A — B: 10 mkm. 

Fig. 1. Diversity of morphotypes of Angomonas deanei MN in culture as revealed by light micro¬ 
scopy. Staining according to Romanovsky-Giemsa. 


najia KyjibTHBupoBatina aojih npoMacraroT cocTaBJineT npHMepHO 25 %. flpnn 
KJieTOK c napaMacraroTHOH opraHH3aiAieH mo)kct AOCTHraTb 40 %, a aojih 
onHCTOMacTHroT — 35 %. OAHaKo Ha AecuTbiii aeHb kojihhcctbo onncTOMa- 
CTHroT B03pacTaeT h mo Acer BapbHpOBaTb ot 50 ao 70 %. CooTHomeHHe npo- 
MacTHroT h napaMacraroT b tbkhx KyjibTypax npHMepHO paBHoe. 

OKpaniHBaHHe npenapaTOB no P OMaHOBCKOMy-rnM3a h OKpamuBaHne 
4)jnoopecifeHTHbiM KpacHTeneM DAPI noKa3ajio, hto no KpanHen Mepe nacTb 
KJieTOK b KyjibType A. deanei MN coAepjKHT b u,HTonjia3Me chm6hothhcckhx 
OaKTepnn (pnc. 1, 2, cm. bkjl). noAcneTbi noKa3ajiH, hto kojihhcctbo chm6h- 
OHTCOACp^camnx kjictok b KyjibType cocTaBJineT okojio 40 %, a anocnM6nOHT- 
hmx (pnc. 1, E; 2, A) — 60 %. CHMSnoHTCOAep^camne kjictkh BCTpenaiOTCii 
cpe^n Bcex onncamibix Bbinie Mop^oranoB A. deanei MN (pnc. 1, A — B). Bo 
Bcex cjiynanx chmShohtbi pacnoJiaraioTcn 3a 3aAHHM KpaeM HApa. Kjictkh ^cry- 
THKOHoci^eB pa3JTnnaioTCii no (J)opMe n KOJinnecTBy iiHTonjia3MaTHHecKHx chm- 
6hohtob. B KJieTKax nepBoro th na irpncyrcTByioT o^HHOHHbie cnMSnonrbi oKpyr- 
jioh (J)opMbi (pnc. 2, B). Bo btopom cjiynae oahhohhbic chmShohtbi ranreJieoS- 
pa3Hon (jiopMbi (pnc. 2, B). TpeTnn ran — oto kjictkh, b u;HTonjia3Me KOTopwx 
pacnojiaraiOTCn ABa o6oco6jieHHbix cnM6noHTa (pnc. 2, Pj. Bepoirmee Bcero, 
pa3HOo6pa3ne MOpfjxrmnOB SaKTCpnn b abhhom cjiynac OTpa^caeT nocjiCAOBa- 
TejibHbie (J)a3bi KJieTonHoro ifHKJia LtnTonjia3MaTHnecKnx 3haochm6hohtob. 

YjibTpaTOHKan oprammipni kjictok A. deanei MN cxoAHa c TaKOBon 6ojib- 
niHHCTBa H3yneHHbix cHMSnoHTocoAepjKamnx TpHnaHocoMaTHA* Kjictkh 6o- 
jiee hjih MeHee OKpyrjioft (|>opMbi, c raySoKHM mynncoBbiM KapMaHOM, ko- 
TOpbiii AOcraraeT 3aAHeii Tpera Tejia mymKOHOCijeB (pnc. 3, A , cm. bkji.). 
CHapy^CH ^cryTHKOHOCifbi noKpbiTbi njia3MajieMMon, KOTopan BbiCTHJiaeT hx 
^cryTHKOBbiii KapMaH n nepexoAHT Ha JKrymK. Ha bbixoac H3 >KryTHKOBoro 
KapMaHa 3aMeTHbi AecMocoMO-noAoSHbie KOHTaKTbi mokay MeM6paHaMH JKry- 
THKa h mymKOBoro KapMaHa. HenocpeACTBeHHO 3a npeAeJiaMH >KryTHKOBoro 
KapMaHa yHAynnnoAHn cjienca pacmHpueTcn (pnc. 3, B). KopoTKan khhctoco- 
Ma Haynuca pacnoJiaraeTcn y nepeAHeii noBepxHoc™ KHHeTonjiacTa. Ee otjih- 
HHTCJIbHOH OCOSCHHOCTblO HBJIHCTCH HaJIHHHC 3JlCKTpOHHO-nJlOTHOH TpaHyjIbl 
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Phc. 2. /JHK-MHKpocKonHfl (jieBHH p xjx) h (jjjiioopecneHTHaa MHKpocKonmi (npaBWH pa#) kjictok 

Angomonas deanei MN b KyjibType. 

A — anocHM6HOHTHaa KjieTKa, E — KjieTKa c oahhm chm6hohtom b HHTonjia3Me, B — KjieTKa c AejiamHMCJi 
chm6hohtom b ijHToruia3Me, r — KjieTKa c AByMJi CHMdHOHTaMH. otc — myrmc. MaciuTadHaa jiHHeiiKa — 
5 mkm. OcTajibHbie o6o3Ha4eHHa Te ace, hto h Ha pnc. 1. 

Fig. 2. DIC microscopy (left row) and fluorescence microscopy (right row) of Angomonas deanei 

MN cells in culture. 









Phc. 3. YjiBTpacTpyKTypa Angomonas deanei MN. 

A — npoflOJibHMH cpe3 kjictkh; E — nonepeHHbiH cpe3 nepe3 ocHOBaHHe myrHKa; B — (j)parMeHT nonepenHoro 
cpe3a acryTHKOHOcaa; 7", -ff — cpe3bi kjictkh Ha ypoBHe ha pa. a — aKCOHeMa xiynnea, 2p — 3JieKTpOHHO-njiOT- 
Haa rpaHyjia, 6k — AecMOconoAoOHbie KOHTaKTbi, dkk — acryTHKOBbiH KapMaH, kc — KHHeTOCOMa, kyi — khhc- 
TonjiacT, mu — bctbh MHTOxoHApHOHa, Mm — cy6MeM6paHHbie MHKpOTpySoHKH, n — nepOKCHCOMa, hm — 
njia3MaTHHecKafl MeMSpaHa, nm — pyAHMeHTapHbiH napacjmarejuiHpHbiH thhc, c — 3HAOCHM6HOTHHecKaH 6aKTe- 
pHH. MacniTaSHbie jihhchkh, mkm: A — 1, E—Jd — 0.5. OcTajibHbie o6o3HaHeHHH Te ace, hto h Ha pnc. 1, 2. 

Fig. 3. The ultrastructure of Angomonas deanei MN. 






Pa3MepHtie xapaKTepHCTHKii Mop(J)OTHnoB KJieTOK b KynBType A. deanei MN 1 
Body size of different morphotypes of A. deanei MN in culture 


Mop^oranbi 


npOMacTH- 

roTbi 




Pa3MepHbie xap bkt ep hcthkh (mkm), X ± s A 
Illnp XCr IIk—K Uk—A Rn—A 


6.42 ± 1.38 1.76 ±0.39 4.56 ± 1.44 1.92 ±0.66 
(5.52—8.85) (1.41—2.43) (3.32—6.17) (1.13—2.97) 

OnucTOMac- 4.12 ± 1.25 1.56 ±0.28 2.26 ± 0.52 2.89 ±0.76 
TiiroTBi (3.34—6.81) (1.04—2.21) (1.67—4.92) (1.68—3.82) 

napaMac- 5.61 ± 1.35 1.71 ±0.43 4.04 ± 1.23 2.04 ± 0.66 
TnroTBi (3.39—8.62) (1.22—2.49) (2.09—5.18) (1.13—2.97) 


2.58 ±0.50 1.71 ±0.34 
(1.36—3.07) (1.11—2.34) 

2.61 ±0.59 1.69 ±0.28 
(1.59—3.82) (1.35—2.24) 

2.19 ±0.67 1.75 ±0.37 
(1.13—2.98) (1.19—2.22) 


ripHMeqaHHe. 1 — b CKoGicaxyKa3aHbi MHHHManbHbie n MaKCHManbHbie3HaHem«i BenuBHH.— 
^jiHHa KJieTOK, Illnp — iimpima kjictok, ^jt— JKr — .zjnmia ^cryTHKa, EIk—K— paccTOjmne ot nepeaHe- 
ro KOHua KJieTKH ao KHHeTonnacTa, EIk— A — paccTOJiHHe ot nepeaHero KOHna kjictkh ao ueHTpa aapa, 
Rji—A — anuHa *mpa. 06i>eM Bbi6opKH n = 35. 


AHaMeTpoM 127 hm, 3aHHMaiomeH Sojibinyio nacTb BHyrpeHHero npocTpaHCTBa 
KKHeTocoMbi (pHc. 3, A ). nepexoAHan 30Ha jKiymKa aocraraeT 291 hm, TepMH- 
HajibHa^i njiacTHHKa nepexoAHoit 30Hbi pacnoJio)KeHa Ha paccTOUHHH okojio 
220 hm ot a na 5KryTHKOBoro KapMaHa. AKcnajibHan rpaHyjia He BbipajKeHa 
(pHC. 3, A). B nepBoit Tpera cboSoahoh nacra yH^yjiHnoAHH o6Hapy)KHBaK)Tai 
OJieMeHTbi peAyu,HpOBaHHoro napaKCHajibHoro ra^ca (pnc. 3, E ). HenocpeACT- 
BeHHO koa njia3MajieMMOH pacnojiaraiOTCfl npoAOJibHO opHeHTHpOBaHHbie 
cy6MeM6paHHbie MHKpoTpySoHKH. MmcpoTpySoHKH pacnoJioJKeHbi Heperyjmp- 
ho, b 6pemax Me>K,zty hhmh oSHapyjKHBaiOTCfl npo^mjiH MHTOxoH/tpHOHa 
(pHC. 3, 5). B OT^eJTbHblX BeTBflX MHTOXOHJjpHOHa 3aMeTHbI HeMHOrOHHCJieH- 
Hbie njiacTHHuaTbie kphctbi. B H,HTomia3Me o6Hapy)KHBaK)Tai OaKTepnajibHbie 
CHMSHOHTbl, 3aKJIK)HeHHbie B H,HT06HOHTO(])OpHbie BaKyOJIH (pHC. 3, A , r, ff). 
Ha ojieKTpOHorpaMMax OTMeneHbi npo(|)HJiH chm6hohtob: eAHHHHHbie, hcacjim- 
m,Hecii SaKTepHH (pnc. 3, A ), SaicrepHH, k^lxoaaiakqca b npoifecce AejieHHn 
(pnc. 3, //), h pa3AeJiHBiHHecfl oco6h (pnc. 

Mbi aMnjiH(J)HLtHpoBajiH (^parMeHT reHa 18 S pPHK A deanei (MN) ^jihhoh 
1950 noaHitHH. Ha (^HJioreHeTHHecKOM ^epeBe, nocTpoeHHOM c Hcnojib30BaHH- 
eM 32 nocjieAOBaTejibHOCTeit reHa 18S pPHK TpnnaHOcoMaTHA, hobbih niTaMM 
A. deanei (MN) no3Hu;HOHHpyeTCfl b o 6 meit KJia^e CHM6HOHTCOAep>KamHx TpH- 
naHOCOMaTHA, c bbicokoh nOAAep)KKOH oOBeAHHiracb c Apyrmnt bkjhoh eHHbi - 
mh b aHajiH3 niTaMMaMH Angomonas deanei (pnc. 4). 

Taioice 6buia HCCJieAOBaHa flHHaMHKa pocTa hhcjichhocth KJieTOK A. deanei 
MN Ha pa3Hbix KyjibTypajibHbix cpe/jax. Ha pnc. 5 npe^cTaBJieH rpa^rnc, ^e- 
MOHCTpHpyiomHH CKopocTb pocTa A. deanei (MN) b npHcyTCTBHH reMHHa h Ha 
6e3reMHHOBoit cpe^e, npn TeMnepaType +22 °C. Ha cpe^e c Ao6aBJieHHeM 
reMHHa OKcnoHeHijHajibHbiH pocT KyjibTypbi A. deanei MN HaHHHaeTca Ha 
3-h cyr. KpHBan pocTa b otom cJiynae bbixo^ht Ha nnaTo npHMepHo Ha 6 -e cyr 
npn AOcra^ceHHH HHCJieHHOCTH )KryTHKOHOCu,eB 5 X 10 8 kji/mji. Ha cpe^e 6 e 3 
reMHHa c 1 no 7-e cyr HHCJiemiocTb KJieTOK b KynbType yBeJiHHHBaeTcn He3Ha- 
HHTeJibHO, AOCTHraii 10 X 10 7 kji/mji. O/jHaKO HaHHHa a c 8 -ro aka ^HHaMHKa 
pocTa pe3K0 BoapacTaeT, h Ha 14-e cyr nocne Hanajia OKcnepHMeHTa HHCJieH- 
HOCTb KJieTOK A. deanei MN b KyjibType AOcraraeT 4 X 10 8 kji/mji. 
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Leptomonas costaricensis DQ383648 0.04 

Leishmania donovani GQ332356 1 - 

L. major GQ332361 
Crithidia brevicula KJ443345 
C. fasciculata Y00055 

Leptomonas bifurcata DQ910925 
L. pyrrhocoris XR 001548753 

L. seymouri AF153040 

Blastocrithidia triatoma AF 153037 
Leptomonas jaculum EF184218 
1QQ Wallacemonas collosoma AF 153038 

W rigidus JN582049 

Kentomonas sorsogonicus KM242075 
Kentomonas sp. KC206002 


100 


£ 


98 


100 


100 


100 


100 


Angomonas deanei isolate TCC080E HM593012 
A. deanei isolate TCC1445 FFM593013 
A. deanei isolate TCC263 HM593011 
A. deanei MN 
A. ambiguus1AM5930\5 
A. desouzaiLRA5930\l 
- Strigomonas culicis HM593009 


100 


1 - &ga/afiHM593010 

' Herpetomonas muscarum LI8872 
■ H. nabiculae JN624300 


■ H. mariadeanei U01013 


100 


100 


.Hi 


100 


100 


'Blechomonas campbelli KF054134 
B. keelingi KF054132 
B. pulexsimulantis KF054132 

- Trypanosoma brucei TRBRGSS 

- T. cruzi FJ900239 

- T. pestanai AJ009159 


Paratrypanosoma confusum KF963538 


Phc. 4. <t>HJioreHeTHHecKoe flepeBO ceM. Trypanosomatidae, ocHOBaHHoe Ha 6anecoBCKOM aHanH3e 

nocjie/iOBaTenBHocTeH reHa 18S pPHK. 

npHBe^eHti Ha3BaHHfl n HOMepa nocne/joBaTejiBHOCTeH, B33TBie H3 6a3Bi NCBI (GenBank). B y3nax yKa3aHBi 
EafiecoBBi anocTepnopHBie BepoaTHOCTH. Hobbih nrraMM A. deanei MN BBi^eneH HHBepcHefi ijBeTa. B KauecTBe 
KopHfl ^epeBa HcnojiB30BaH chkbchc Paratrypanosoma confusum. MacniTadHaa iHKana OTo6pa^caeT kojihhcctbo 

3aMeH, npHxo^amHxcji Ha o/urn canr. 

Fig. 4. 18S rRNA phylogenetic tree of trypanosomatids inferred using Bayesian approach. 
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kji/mji — a — cpe^a BHI + reMHH 



CyTKH 

Phc. 5. Tpa(J)KK ^HHaMHKH pocTa nrraMMa A. deanei MN Ha Kyji&Typaji&Hbix cpe,qax (+T h -r) npn 

TeMnepaType 22 °C. 

Ilo och adcuncc — Bpeivni KyjibTHBHpoBaHna, cyr.; no ocn opaHHar — KOHueHTpauna KJieTOK b KyjibType, 

kji/mji. 

Fig. 5. The diagram of the growth of A. deanei MN on the culture media (+H and -H) at a tempera¬ 
ture of 22 °C. 


OECY^EHHE 

Bonpoc 06 hcxoahom xo3flHHe A. deanei ao cnx nop ocTaeTCfl OTKpbiTbiM. 
BnepBbie onncaHHbiit H3 xhiahoto KJiona ceM. Reduviidae, A. deanei no3Anee 
Heo^HOKpaTHO odHapy^CHBajiCii b KHineHHHice pa3JiHHHbix Myx ceMeiiCTB Sar- 
cophagidae, Calliphoridae, Muscidae (Teixeira et al. 5 201 1; Tyc et al., 2013). 
H3BecTHO, hto KJionbi Z. leucogrammus nHTaiOTCfl b ochobhom ^ByKpbiJibiMH 
HaceKOMbiMH H3 3THX ceMeitCTB h MoryT 3apa^caTbc^ TpnnaHOCOMaTH^aMH b 
nponecce xHin,HHHecTBa (Carvalho, 1974). ApryMeHTOM b nojib3y toto, hto 
nepBHHHbiMH xo3)ieBaMH A. deanei jiBjnnoTCfl Myxn, cny^caT AaHHbie o Hbme 
ycTaHOBJieHHOM mnpoKOM apeane 3 toto BHAa TpnnaHOCOMaTHA, 3HanHTejibHO 
npeBoexOA^n^eM apean KJiona Z. leucogrammus , KOTOpbin He bbixoaht 3a npe- 
Aejibi IO>khoh AMepHKH. OTMeneHHbiit HaMH cjiynan 3apa^ceHra Myxn Lucilia 
sp. mymKOHocifaMH A. deanei Ha ^aHHbifi momcht cooTBeTCTByeT caMoft ce- 
BepHOH HaXOAKe CHMdHOHTCOAep^CainHX TpHnaHOCOMaTHA, HTO TaK^Ce TOBOpHT 
B nOJIb3y 3TOTO npeAnOJIO^CeHH^I. O^HaKO B OTCyTCTBHH AaHHbIX 0 )KH3HeHHOM 

n,HKJie A. deanei OKOHnaTejibHO cy^HTb 06 hcxoahoh rpynne xo3^eB ototo 
)K iyTHKOHOcn,a noKa npe^CAeBpeMeHHO. 

BbiAejieHHbiit HaMH nrraMM A. deanei MN xapaKTeproyeTCfl Bbipa^ceHHbiM 
reTepoMop(J)H3MOM. Hap^^y c npoMacTHroTaMH, MHKpononyraifHH othx my- 
THKOHocu:eB BKJiioHaioT napaMacTHTOT h onncTOMacTHTOT. fl,o He^aBHero Bpe- 
MeHH CHHTaJIOCb, HTO HaJIHHHe OnHCTOMaCTHTOT (KHHCTOnJiaCT pacnOJIO)KeH 3a 
3a^HHM KpaeM jmpa) HBJineTC^ CHHanoMop^meH poAa Herpetomonas (Wallace, 
1966). C 3toh tohkh 3peHH^ HHTepecHO OTMeraTb, hto KJiaAa CHMdHOHTCOACp- 
)Kam,Hx TpHnaHOCOMaTHA oSBeAnmieT bhabi, o6jiaAaiouj,He h ApyrnMH M0p(})0- 
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TitnaMH, Ha pa3AejieHHH KOTopbix paHee 6a3HpoBajiacb TaKcoHOMHH ceMeficTBa. 
TaK, a™ Strigomonas culicis TunnHHa onHMacTHroTHan opraHH3aii,HH, KOTopan 
paHee cnirrajiacB npHcymeii tojibko TpnnaHOCOMaTHAaM H3 po^a Blastocrithi- 
dia (Wallace, 1966; Teixeira et al., 2011). 3th ^aKTbi no^TBep^aioT He^aB- 

HHe BbIBOAbI 06 0 IIIh 60HH0CTH HCn0JIB30BaHHH KOHH,enH,HH «KOHCepBaTHBHbIX 
MOp(J)OTHnoB» (npeHCAe onpeAeJiHBmeii rpaHHijBi poaob y TpHnaHOCOMaTHA) 
npn nocTpoeHHH CHCTeMbi ceMeiiCTBa (Maslov et al., 2013; Lukes et al., 2014). 

B ijejiOM nojiyueHHbie HaMH AaHHBie no mop^ojiothh h opraHH3an,HH KJie- 
tok A. deanei MN cooTBeTCTByiOT HMeionjHMCH b jiHTepaType CBeAeHHHM 
(Freyinuller, Camargo, 1981; Motta et al., 1997; de Sousa, Motta, 1999; Gadel- 
ha et al., 2005; Motta et al., 2010; Teixeira et al., 2011). HHTepecHO, hto o6Ha- 
py^ceHHa^i HaMH 3JieKTpOHHO-njiOTHa^ rpaHyna, 3aHHMaK)in,aH AempajiBHyio 
uacTb KHHeTOCOMbi A. deanei MN, paHee He 6biJia onncaHa b JiHTepaType. Oa- 
HaKO aHajiH3 onySjiHKOBaHHBix 3JieKTpOHorpaMM noKa3BiBaeT, hto noAoSHan 
CTpyKTypa npHcyTCTByeT b KHHeTOCOMax ^cryTHKOHOCu;eB H3 Apyrnx HiTaMMOB 
A. deanei , a TaK^ce y Apyrnx bhaob H3 pOAa Angomonas (Teixeira et al., 2011). 
O^HaKo 3Ta CTpyKTypa, bhahmo, OTcyTCTByeT y npeACTaBHTejieii p^Aa Apyrnx 
pOAOB H3 KJiaAbI CHM6HOHTCOAOp)KamHX TpHnaHOCOMaTHA ■ 

YcTaHOBJieHO, hto chm6hohtbi A. deanei — 6aKTepHH Candidatus Kinetop- 
lastibacterium crithidi Du et al., 1994, npHHaAJie)KamHe k KJiaccy Betaproteo- 
bacteria, ynacTByiOT b MeTa6ojiH3Me TpHnaHOCOMaTHA SjiaroAapn choco6hocth 
k BBipaSoTKe BHTaMHHOB, aMHHOKHCJioT, a TaK>Ke coAepjKaT Ha6op reHOB, Heo6- 
xoahmbix am oSecneneHHH CHHTe3a reMHHa (Chang, Trager 1974; Salzman et 
al., 1985; Roitman, Camargo 1985; Du et al., 1994; Frossard et al., 2006; Kore- 
ny et al., 2009; Alves et al., 2011). 3to oStHCHHeT choco6hoctb p^Aa chm6h- 
OHT-coACp^cam,Hx bhaob TpHnaHOCOMaTHA ycnemHO KyjiBTHBHpOBaTBCH Ha 
6e3reMHHOBbix cpeAax. OAnaKO cpaBHemie AHHaMHKH pocTa KyjibTyp Ha re- 
MHH-coAep)Kain;Hx h 6e3reMHHOBBix cpeAax paHee He npoBOAHJiocb. Hamn 3kc- 
nepHMeHTBi noKa3ajiH, hto Ha cpeAO, JiHmeHHoii reMHHa, rpa(J)HK yBejiHneHHH 
HHCJieHHocTH A. deanei MN b nepBBie 7 Aneii OToSpancaeT MeAneHHBiii jihhch- 
HBIH pOCT HHCJieHHOCTH }KryTHKOHOCU,eB. HHTepecHO, HTO CTapT 3KCnOHeHH,H- 
ajiBHOH 4>a3Bi pocTa 3thx KyjiBTyp, npHxOAHiAHHCH Ha 7 — 8-h a^hb, no BpeMe- 
hh coBnaAaeT c bbixoaom Ha njiaTO KpHBOii pocTa )KryTHKOHOCu,eB, KyjiBTHBH- 
pyiomnxCH Ha reMHH-C 0 Aep>KameH cpeAC. Mbi nojiaraeM, hto Hanajio pe3Koro 
yBeJiHHeHHH HHCJieHHocTH KJieTOK Ha 6e3reMHHOBoii cpeAe no xoAy OKcnepH- 
MeHTa Mo>KeT 6bitb cBH3aH0 c nocTynnemieM h HaKonjieHHeM b Heir mrraTeJiB- 
hbix BemecTB, rnaBHBiM o6pa30M reMHHa, b npoAecce )KH3HeAOHTejiBHOCTH 
CHM0HOHT-COAep)KamHX KJieTOK. 

BcecTOpOHHee H3yneHHe CHM 6 HOHT-coA^p^camHx TpHnaHOCOMaTHA npeA- 
CTaBJineT 6ojibihoh HHTepec, oSycjiOBJieHHBiii mho^kcctbom He pemeHHBix Ha 
AaHHBlii MOMeHT BOnpOCOB, KOTOpBie CBH3aHBI C ^OpMHpOBaHHeM npeACTaBJie- 
HHH 06 OCHOBHBIX 3BOJHOH,HOHHBIX TpeHAaX, peaJIH3yeMBIX npeACTaBHTCJIHMH 

ceM. Trypanosomatidae (Maslov et al., 2013; Flegontov et al., 2013; Lukes et 
al., 2014; OpoJiOB, 2016). IIoKa He HMeiOT o6bhchchhh HajiHHHe y chm6h- 
OHT-cOAep>KamHx >KryTHKOHOCu,eB HeconeTaiomHxCH b Apyrnx rpynnax TpHna¬ 
HOCOMaTHA MOp(J)OTHnoB (anncacTHroTBi, onncTOMacTHroTbi, npoMacTHroTbi); 
4)yHKn,HOHajiBHoe h $n3HOJiorHHecKoe 3HaneHHe TaKnx npH3HaKOB, KaK OTCyr- 
CTBne n,ejiocTHoro pH a a cy6MeM6paHHBix MHKpOTpy6oneK, jioKajiroaijHH bct- 
Beii MHTOxoHApHOHa b cy6MeM6paHHoii 30He h peAyKii,HH napaKcnajiBHoro 
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Tfl)ica. O^HaKO b OTcyTCTBHH A^HHbix o ^ch3hchhbix ijmcjiax, rocTanbHOH cne- 

I1H4)HHH0CTH H RaTKQ MOp(|)OJIOrPIH SoJIBIIIHHCTBa H3BeCTHLIX BHJJOB MOHOKCeH- 
hbix TpunaHOCOMaraA pemeHne 3 thx h u,ejioro p^a ^pyrax BonpocoB noKa He 

npeACTaBJl^eTOI B03M0>KHbIM. 
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ANGOMONAS DEANEI (KINETOPLASTIDA: TRYPANOSOMATIDAE) 

IN THE FLY LUCILIA SP. (DIPTERA: CALLIPHORIDAE): DESCRIPTION 
AND CULTIVATION OF A NEW STRAIN 

A. I. Ganyukova, M. N. Malysheva, A. O. Frolov 

Key words : symbiont-harboring trypanosomatids, Angomonas deanei , morphology, ultras¬ 
tructure, growth dynamics, geographic distribution, 18 S rRNA, phylogeny. 

SUMMARY 

In the northwestern Leningrad Region of Russia, flagellates Angomonas deanei 
(Kinetoplastida: Trypanosomatidae) were found in the intestines of the fly Lucilia sp. 
(Diptera, Calliphoridae). Previously this species was not recorded from Russia. The flagel¬ 
late identification was performed on the basis of comparative morphological research and 
phylogenetic analysis (sequence of the 18 S rRNA gene). Cultivation peculiarities of the 
new isolate A. deanei MN strain are being discussed. 
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